The performance and interpretation of clinical hematology and hematopathology laboratory tests and diagnosis of benign or malignant hematolymphoid disorders present unique challenges to hematopathology fellow trainees. To assist hematopathology fellowship program directors in preparing trainees to meet these challenges, a task force of pathologists with expertise in hematopathology developed a suggested training curriculum that includes a comprehensive list of topics in the areas of analytic hematology, bone marrow pathology, lymph node pathology, splenic pathology, lymphoma diagnostics, cytogenetics, and molecular diagnostics. This report also includes recommendations for training experiences that will facilitate the transition of subspecialty residents to practicing consultants in hematopathology.
Fellowship training in hematopathology requires wide exposure to evaluation of benign and malignant hematolymphoid disorders involving blood, bone marrow (BM), lymph nodes, spleen, and other tissues. Morphologic features, laboratory testing, and ancillary immunophenotypic, molecular, and cytogenetic findings all have a role in the diagnosis of hematopathologic processes and require the integration of various diagnostic techniques and ancillary studies. As a result, hematopathology represents a significant discipline to master, whether in an academic or private practice setting. Interpretation and understanding of the tools used in diagnostic hematopathology are essential to the correct diagnosis of hematolymphoid diseases, monitoring of responses to therapy, and prediction of prognosis.
A proposal for curriculum reform in clinical pathology residency training, the Graylyn Report, was put forward in 1995 by the Conjoint Task Force on Clinical Pathology Residency Training, a collaborative effort of the Academy of Clinical Laboratory Physicians and Scientists, the American Society for Clinical Pathology (ASCP), the Association of Pathology Chairs, and the College of American Pathologists (CAP) 1 and provided an early model for development of specific training curricula to ensure that pathology trainees receive comprehensive training to ensure competence. Since that time, specific recommendations have been published for training in transfusion medicine, 2 molecular pathology, 3 management, 3 and informatics, 4 but there are no publications defining critical topics, listing key resources, or describing training experiences for the complex area of hematopathology. Therefore, the members of the education committee of the Society for Hematopathology developed a list of curriculum topics in hematopathology for subspecialty fellowship trainees that will help ensure coverage of major topics in hematopathology and will be of use to directors of hematopathology fellowship programs in development of their training programs.
Curriculum Content and Design
Concepts integral to hematopathology that impact all laboratory medicine disciplines include the selection of appropriate methods (ie, flow cytometry, immunohistochemistry, or enzyme cytochemistry, various cytogenetic techniques, and a variety of molecular techniques) in the evaluation of diverse specimens (ie, peripheral blood, body fluids, BM specimens, and tissue specimens) for benign and malignant disease states. Hematopathology trainees should have a central role at all stages in the evaluation of these specimens. For example, a trainee may be responsible for the preliminary evaluation of BM specimens on a particular case (ie, BM aspirate and/or core biopsy specimen) to determine triaging of specimens for flow cytometry, appropriate cytogenetic studies, and molecular studies. In addition, if special stains, including immunohistochemical stains, are indicated based on the clinical history or findings within the BM aspirate smear or BM core touch preparation, trainees may be responsible for ordering the appropriate stains. Likewise, trainees may be given responsibility for directly processing or supervising the processing of fresh tissue specimens submitted for "lymphoma workup" and determination of allocation of tissue for ancillary studies (ie, flow cytometry, cytogenetic studies, and/or molecular studies).
Other topics unique or especially important to hematopathology include analytic hematology and review of peripheral blood smears and body fluid preparations; evaluation of special hematology test results, including hemoglobin electrophoreses; BM pathology; lymph node pathology; splenic pathology; evaluation of various types of tissue for lymphomatous involvement; molecular hematopathology; cytogenetics; and coagulation testing. The level of responsibility given to trainees may be graduated to reflect experience of the supervising fellow and institutional policies.
Hematopathology fellowships vary in length of training, although only 1 year of training is required for subspecialty certification by the American Board of Pathology. Most programs offer a 1-or 2-year training experience. In addition to acquisition of knowledge and competency in the diagnosis of clinical hematopathologic processes, the Accreditation Commission for Graduate Medical Education (ACGME) also requires trainee exposure to research, education, and laboratory management and administration. Thus, fellowship training should include exposure to all these aspects of hematopathology, although significant research experience may require longer fellowship training.
Most of the time, 1-year hematopathology subspecialty training programs focus on clinical disease states of blood, BM, lymph node, and spleen and evaluation of various extranodal and extramedullary tissue specimens for involvement by hematolymphoid diseases. Ancillary tools, such as flow cytometry and immunohistochemistry, are generally included in the evaluation of these various types of specimens. However, if flow cytometry and/or immunohistochemistry is not incorporated into the general evaluation of these specimen types, experience in interpretation of these diagnostic techniques should be attained through separate rotations in these fields. In addition, cytogenetic and molecular studies are also generally incorporated into the final hematopathology diagnostic reports, and trainees should have ample exposure to cytogenetic and molecular testing that applies to diagnostic hematopathology. Likewise, subspecialty residents should be given the opportunity to have training time in special hematology, analytic hematology, and coagulation to be familiar with the technical and interpretative testing in these areas.
Clinically, residents generally require 4 to 8 weeks of training to gain sufficient confidence to answer consultative questions. 5 Peripheral smear review, request for BM for evaluation of acute leukemia or immune thrombocytopenic purpura, or a tissue evaluation for a possible high-grade lymphoma are common topics for routine and after-hours consultations in hematopathology, and exposure to these areas should occur early in the program and be reinforced by actual consultative experiences. Fellow presentations on aspects of hematopathology can be integrated into sign-out sessions or existing hematopathology or multidisciplinary conferences to encourage integration of didactic material from a variety of sources and to encourage trainees to use the literature in approaching a specific clinical problem.
Fellowship trainees should be given the opportunity to reinforce and explore clinical learning through participation in research projects and should be strongly encouraged to have scholarly productivity. These activities may include a variety of formats, including clinical case reports, assisting in preparation of book chapters, more extensive clinical-pathologic correlative projects, method development or comparisons, test validation, and translational studies and basic bench research, depending on the length of the fellowship and availability of appropriate mentors. Some trainees may develop a stronger interest in one aspect of hematopathology, such as cytogenetics or molecular genetics. Research and additional training in these areas should be encouraged through additional laboratory, clinical, or research training in these areas.
Research training should focus on use and interpretation of the current literature, study design, and data interpretation and presentation no matter what research format is chosen by the trainee. In addition, appropriate training in the logistics of research, including ethical conduct of research, institutional research board or animal use approval, and protection of protected patient information should be addressed. For research to be carried out during the relatively limited training programs in most institutions, care must be taken to identify research projects early in training to allow trainees sufficient time to develop and carry out an appropriate research project during times of lighter clinical service loads or during elective months designated for research activities. Trainees should also be encouraged to present research at an appropriate national meeting.
Training in hematopathology necessarily uses a variety of teaching formats. A carefully crafted series of directed readings and/or didactic lectures should be supplemented by practical experiences such as direct observation or performance of certain procedures, case-focused rounds in the laboratory and/or the clinical unit, microscopic sign-out of cases, on-call responsibility for hematology and hematopathology problems and consultations, and participation in laboratory and interdepartmental quality improvement activities and conferences. The importance of role models-faculty actively engaged in the practice of hematopathology who interact with clinicians and laboratory professionals-cannot be overemphasized. Similarly, graded responsibility, beginning with carefully supervised activities and progressing to consultations and front-line on-call responsibility (with appropriate attending physician backup), is essential to reinforce knowledge and develop professionalism. Participating in a call rotation with responsibility for after-hours laboratory and clinical consultations reinforces didactic lessons.
In addition, hematopathology fellow trainees have a crucial role in the training of pathology residents or medical students as they rotate through the hematopathology service, and teaching of less experienced trainees will help solidify the fellow trainee's knowledge base. Hematopathology fellow trainees should have extensive contact with lower level resident trainees or medical students and work with them to review and work up difficult cases. Fellow trainees should allow lower level residents the opportunity to review cases independently and be available for additional informal discussion or teaching about the case, before review by the attending hematopathologist. In addition, most programs require hematopathology fellow trainees to teach in a more formal setting, by lecturing to other residents, attending physicians, or medical students or by presenting conferences. Fellows may also be asked to run microscopic or case presentation sessions that require appropriate discussion of salient microscopic morphologic features, ancillary testing, and the diagnostic entity. These more formal teaching experiences will allow evaluation of the trainee's teaching efficacy and style. Documentation and formal evaluation of teaching activities by hematopathology attending physicians and by students and residents who have been exposed to teaching by the fellow trainee should be maintained by the program director.
Laboratory management, particularly as it pertains to hematopathology, should be included in the curriculum (see the following section), and trainees should be encouraged to participate in laboratory administrative duties including quality assurance (QA), laboratory regulatory issues, and laboratory inspections.
Hematopathology Curriculum Topics
As noted, hematopathology fellowship trainees are required to learn about a broad range of topics and testing modalities to ensure competence in the area of hematopathology. General areas that should be addressed in the curriculum of a hematopathology fellowship to ensure adequate training, meet with ACGME requirements, and allow trainees to be prepared for the American Board of Pathology subspecialty examination in hematology are given in the following list. This listing reflects general subject areas that should be addressed during training according to the methods most suitable to the specific training program and may not be all-inclusive.
Hematology Laboratory
Trainees must be familiar with the instrumentation and interpretation of testing from hematology analyzers and interpretation of peripheral blood smears and body fluid specimens. [6] [7] [8] [9] This requires familiarity with morphologic appearances of a variety of disorders and understanding of basic clinical-pathologic use of data generated in evaluation and use of appropriate reference intervals. [10] [11] [12] [13] Pediatric and adult specimens should be addressed. 4, 14, 15 In addition, performance, quality control (QC), and interpretation of special hematology-related staining for characterization of hematolymphoid processes in blood or BM should be included. 4, 7, 10, 16 Suggested topics should include the following:
I. 
Bone Marrow
BM evaluation is fundamental to hematopathology practice and covers wide areas of benign, reactive, and overt malignant conditions. The goal for trainees is to recognize morphologic abnormalities and subtle diagnostic clues in the blood, marrow aspirates, and BM biopsy specimens and incorporate appropriate ancillary test data in formulating the differential and final diagnoses. A BM "knowledge base" is crucial for recognizing and diagnosing a wide array of hematopathologic conditions such as myeloproliferative syndromes, dysplastic conditions, lymphoproliferative syndromes, leukemias, metastatic lesions, BM failure syndromes, posttreatment BM assessment, and anemias and reactive conditions. [17] [18] [19] [20] [21] [22] It is very important for trainees to be involved in all aspects of BM examination, including gathering of pertinent clinical information; performing procedures on patients; initially evaluating CBC counts and peripheral blood specimens, BM aspirates, biopsy specimens; and triaging BM specimens for ancillary testing (eg, cytogenetics, flow cytometry, special histochemical or immunohistochemical stains, microbiology studies and molecular pathology tests) as deemed necessary based on the clinical context and initial BM findings.
There is considerable regional variability in whether pathologists or hematologists perform BM procedures, but it is important for hematopathology fellowship trainees to develop competency in performance of these procedures. The Society for Hematopathology Education Committee suggests performance of between 5 and 10 BM aspirate and trephine biopsy procedures on adult patients under appropriate clinical supervision to establish fellow trainee competency. The ultimate determination of competency is at the discretion of the fellowship program director and may require close interaction with clinical colleagues when pathologists are not directly involved in the biopsy procedure. It is recognized that the total numbers of BM procedures will vary widely between institutions based on individual trainees, institutional policies, and numbers of BM procedures performed. Observation of pediatric BM procedures is also encouraged, but it is realized that there may be reluctance to have trainees perform these procedures.
In addition to collection of BM specimens, trainees should also be responsible for morphologic assessment of Wright-Giemsa-stained BM smears or touch imprints from BM cores and H&E-stained sections of the biopsy specimens and performance or review of BM aspirate differential counts. Trainees are expected to work up the case, consult clinical colleagues, and come up with clinical correlations and incorporate additional test results from the clinical laboratory (eg, lactate dehydrogenase and serum protein levels); specific ancillary testing, such as flow cytometry and molecular diagnostics, should also be considered and incorporated into the diagnostic workup. When appropriate, trainees should present these BM cases during clinical sign-out sessions and at interdepartmental conferences.
Diagnostic entities and BM curriculum topics include BM manifestations and workup of a variety of neoplastic and nonneoplastic disorders including the following:
I and, sometimes, molecular or cytogenetic data for a precise diagnosis. 18, 23 To optimize trainees' involvement in the workup and diagnosis of tissue-based hematolymphoid disorders, it is optimal to involve them in the gross examination and triage of specimens for appropriate ancillary testing (eg, cultures, flow cytometry, and cytogenetic and molecular testing). 23 Trainees should also follow the specimen through to diagnosis, integrating the data collected with the clinical manifestations, gross pathologic features, and morphologic impression, and have responsibility for reporting the diagnosis with incorporation of all ancillary data used in formulation of the final reported diagnosis. This will necessarily require development of a knowledge base that includes the clinical entities, ancillary testing (ie, flow cytometry, immunohistochemical and special stains, and cytogenetic and molecular studies), and morphologic features of a large number of benign and malignant processes. It is anticipated that as training proceeds, trainees will develop the knowledge base to allow for additional responsibility in the triaging of specimens, ordering of ancillary testing, and diagnostic decision making. Important curriculum topics that should be addressed include the following:
I. type lymphomas, subcutaneous panniculitis-like T-cell lymphoma, primary cutaneous lymphomas, posttransplantation lymphoproliferative disorders, granulocytic sarcomas), it is essential that subspecialty hematopathology residents be knowledgeable of the evaluation of extranodal tissues for hematolymphoid malignancies. 18 Splenic pathology also forms an area that requires special attention to recognize disease processes specific to the spleen, as well as secondary involvement by other hematolymphoid processes. 24 As in lymph nodes, fellow trainees should be involved with gross pathology, selection of histologic sections, and triaging of tissue for ancillary studies initially. The correlation of gross, microscopic, immunophenotypic, and, perhaps, molecular or cytogenetic findings in reaching a diagnosis is essential, as in nodal and other extranodal sites. Knowledge of normal splenic architecture 24 and the spectrum of disease entities that may involve the spleen should be taught to ensure that trainees will recognize abnormal (pathologic) changes seen in hematolymphoid disorders and reactive processes 25, 26 and other primary and metastatic tumors that involve the spleen. [27] [28] [29] [30] [31] [32] Diagnostic entities and pathologic processes that involve the spleen that should be included in the curriculum include the following:
II 
Pediatric Hematopathology
Diseases of the blood, BM, and lymphoid tissues in children display different frequencies from those in adults, and some diseases are unique to the pediatric population. [37] [38] [39] [40] [41] [42] [43] [44] Exposure to these disease processes is highly desirable to ensure that hematopathology fellow trainees are able to recognize and diagnose these diseases or form appropriate diagnostic differentials to provide insight that reference values appropriate for children are often different from those used for adults. 14, 45 Trainees should be aware of the association of specific diseases with a wide range of congenital disorders, such as trisomy 21, Fanconi anemia, and hereditary immunodeficiencies. 42, 44, 46 It is also necessary to provide training in hereditary hematologic disorders that are most commonly first recognized in children. 44, 47 Although it is unlikely that the volume of pediatric pathologic materials will be sufficient to allow exposure to all disease entities in most training programs, directed readings or lectures and pathologic study sets may be used to supplement primary case materials. Suggested topics include the following:
I (Table 3) 2. Hodgkin lymphoma (Table 3) 3. Histiocytic neoplasms (Table 4) Ancillary Studies: Immunophenotyping Diagnostic hematopathology relies heavily on combining cytomorphologic and histologic studies with ancillary techniques that provide additional information that allows a diagnosis to be made. Immunophenotyping, by flow cytometric analysis or immunohistochemical analysis on paraffin-embedded tissue samples, is the most commonly used ancillary technique in hematopathology. 48 Immunophenotypic data often define specific disease entities in hematopathology, and it is essential that hematopathology fellow trainees be familiar with methods of immunophenotyping, interpretation of data, and the immunophenotypic patterns associated with hematologic disorders. Appropriate choice of testing dependent on specimen type and handling and insight into pitfalls associated with testing are important topics that help ensure that trainees are able to effectively collect and use immunophenotypic data in arriving at a diagnosis.
I. Flow cytometry Flow cytometric immunophenotyping (FCI) is a useful tool in diagnostic hematopathology. 49 FCI allows for the definition of distinct cell populations by size (forward light scatter) and granularity (side light scatter), gates dead cells out of the analysis, detects even weakly expressed surface antigens, and provides a relatively noninvasive diagnostic evaluation of body fluids and fine-needle aspiration (FNA) specimens, possibly obviating tissue biopsy. Multicolor (2-, 3-, and 4-color) analysis allows for an accurate definition of the surface antigen profile of specific cells and the detection of 2 simultaneous hematologic malignancies within the same tissue site.
The following are important applications of flow cytometry for hematopathology trainees to master, as well as advan- with flow cytometric data sufficient for diagnosis of lymphoma, and when should a biopsy be recommended? It is essential to provide training in the interpretation and correlation of FCI data. FCI data should always be correlated with light microscopy and other testing, even if no FCI abnormalities are detected. Immunohistochemical analysis may need to be performed in selected cases in which morphologic correlation is required for diagnosis.
II. Paraffin immunohistochemical analysis Immunohistochemical analysis provides an important cornerstone for diagnosis in hematopathology, and knowledge of immunohistochemical techniques, staining patterns, and interpretation is essential for hematopathology trainees. 50, 51 As with flow cytometry, it is important that trainees be competent in the selection of immunohistochemical stains to make a diagnosis, interpretation of staining patterns, and pitfalls in the use of immunohistochemical staining. Advantages of immunohistochemical analysis include the preservation of architectural relationships and the ability to detect a relatively low number of neoplastic cells, such as in Hodgkin lymphoma or a T cell-rich large B-cell lymphoma. In addition, some antibodies may be better evaluated in paraffinembedded tissue samples (ie, CD15 in Reed-Sternberg cells, bcl-6, cyclin D1, and anaplastic lymphoma kinase-1).
The following represent the unique applications of paraffin immunohistochemical analysis that should be included in the training curriculum and lists pitfalls:
A Cytogenetics has become increasingly important as an ancillary study in hematopathology as disease entities are defined by specific cytogenetic findings (eg, chronic myelogenous leukemia, acute promyelocytic leukemia, and mantle cell lymphoma). [52] [53] [54] [55] It is essential that hematopathology trainees be familiar with general cytogenetic procedures including standard karyotyping analysis and fluorescent in situ hybridization (FISH) and more specialized techniques. 56, 57 Trainees should understand the uses and limitations of standard karyotyping and FISH and be familiar with the implications of demonstration of common cytogenetic findings in hematologic disorders. 52, 53, 57 
Laboratory Management
Laboratory management is an important component of hematopathology fellowship training, and trainees should be expected to participate in a variety of management-related activities throughout training. 4, 6, 66, 67 Participation in a variety of activities and conferences will enhance the expertise in laboratory management of subspecialty residents in hematopathology. The level of additional instruction required is dependent on previous laboratory management exposure of trainees. Minimally, laboratory management topics should be integrated with clinical services and rotations during hematopathology fellowship training and would involve participation of the fellow in the following:
I. Hematology, flow cytometry, coagulation, and other appropriate laboratory section meetings and conferences II. QA/QC data analysis through QA peer review of randomly selected cases for diagnosis and reporting III. QA/QC via consensus conferences and multidisciplinary conferences IV. Internal and external QC through second opinions from internal and external reviewers V. External proficiency testing (via the CAP) VI. Mock CAP inspections VII. Participation in quarterly Check Path Samples from ASCP In addition, hematopathology trainees may require didactic or practical instruction in a number of laboratory management issues that may include (but are not limited to) the following:
• Preanalytic and analytic factors that may be optimized to enhance evaluation of hematopathology specimens 
Competency in Hematopathology
The ACGME has mandated that educational programs for all medical specialties include detailed performance measures to assess trainees' competency in 6 areas: patient care, medical knowledge, practice-based learning and improvement, interpersonal and communication skills, professionalism, and systems-based practice (www.acgme. org/outcome). The education committee of the Society of Hematopathology considers the process of graded responsibility described a means of achieving competency in these areas. Performance as a consultant in hematopathology will develop competency in the areas of patient care, interpersonal and communication skills, professionalism, and systemsbased practice. In becoming an effective consultant, trainees will necessarily develop skills in acquiring medical knowledge and in practice-based learning and improvement. Therefore, measurement of competency in hematopathology could include documented exposure to the topics listed and formal assessment of trainees' skill in providing diagnostic hematopathology services, specifically, evaluations of peripheral blood smears and body fluid preparations, BM diagnostics, and evaluations of various types of specimens for lymphomatous involvement or teaching for one or more of these topics in the context of sessions with pathology residents or other pathology and multidisciplinary conferences. Specific hematopathology competencies in these areas could include the following:
Patient Care
1. Gather essential and accurate information regarding patients being evaluated, including clinical history and previous results of diagnostic biopsies 2. Make informed decisions regarding appropriate triaging of BM and fresh tissue specimens 3. Inform clinicians, pathology residents, and hematology and oncology trainees of appropriate testing and triaging 4. Inform clinicians of diagnostic findings, and educate pathology residents, hematology and oncology trainees, and clinicians of the significance of findings 5. Efficiently and effectively solve problems with any aspect of the hematopathology service (eg, obtaining extra slides from outside cases, clarifying clinical history, and procuring blocks for molecular studies) 6. Use good judgment as to when to ask for help in the evaluation of peripheral smear reviews, body fluid reviews, and BM and lymph node examinations programs should be able to provide fellow trainees with sufficient ability to diagnose most hematopathologic disorders, use primary and ancillary testing appropriately, and function in providing hematopathologic services. The incorporation of a broad list of subjects, such as suggested herein, will ensure that trainees are exposed to the range and will have an adequate knowledge base to be eligible for subspecialty certification by the American Board of Pathology. As noted, subspecialty training in hematopathology should involve a variety of teaching methods and increasing responsibility for trainees in workup of specimens, ordering of tests, and interpretation of test results to ensure that on graduation, trainees are equipped to practice hematopathology competently.
